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The reproductive behaviour of two syntopic dendrobatid species, Epipedobates femoralis 
and Epipedobates trivittatus were studied in two separate field studies in Amazonian Peru. 
Males of both species defended territories against calling conspecifics; females were not 
territorial. Pair-formation, courtship, and mating took place in the territories of the males. 
Females entered territories and approached calling males who attempted to lead females to 
oviposition sites. Females rejected males during courtship by leaving males or refusing nest 
sites. Males never rejected females. Brood care was performed by males only. The reproductive 
behaviour of the two species varied in length and pattern of courtship, oviposition behaviour 


and male brood-care behaviour. 


INTRODUCTION 


Neotropical frogs of the family Dendrobatidae are 
particularly promising subjects for ethological studies 
because of their conspicuous appearence, diurnal hab- 
its, and their complex reproductive and social 
behaviour. Dendrobatids deposit their eggs on land 
and the tadpoles are transported to aquatic sites on the 
back of a parent, except in Colostethus stepheni where 
the tadpoles develop in terrestrial nests (Junca, 1989; 
Lima, 1992). All species studied to date demonstrate 
elaborate courtship behaviour and parental care (e.g. 
Crump, 1972; Weygoldt, 1980a,b; Zimmermann, 
1990). Male and/or female territoriality and aggressive 
behaviour have been reported in several species (e.g. 
McVey, Zahary, Perry & Mcdougal, 1981; Wells, 
1980a,b; Summers, 1989; Roithmair, 1992, 1994). 

Courtship may be viewed as an exchange of signals 
to provide information about the potential mate (Wells, 
1977), possibly including cues for the females’ mate 
selection and information for males about the receptiv- 
ity of females. In frogs, courtship usually starts with 
the male advertising his position and trying to per- 
suade a female to mate with him rather than with his 
neighbouring competitor. Advertisement calls of male 
frogs are reported to serve as a cue for female mate 
choice (e.g. Gerhardt, 1991). Information for males 
about the receptivity of females could be especially im- 
portant in dendrobatids because of their terrestrial and 
prolonged breeding habits with receptive as well as 
non-receptive females entering the territories of males 
(Wells, 1977). In dendrobatids, brood care is assumed 
to be the “initial condition” (Maynard Smith, 1977), 
because larval transport is essential for the survival of 
the offspring, which would die if they were not carried 
to a suitable environment for development (Weygoldt, 


1987). This situation creates perhaps a more sophisti- 
cated courtship and mating system in which both 
partners attempt to obtain as much information about 
the other as possible. 

In previous papers, I have described my field obser- 
vations on the social behaviour of the dart-poison 
frogs, Epipedobates femoralis and Epipedobates 
trivittatus. Main emphasis centered on male territorial 
behaviour and the interrelation between territoriality 
and mating success in males (Roithmair, 1992, 1994). 
In this paper I report on my results conceming the re- 
productive behaviour of these two dart-poison frogs. 
The main objective is to describe in detail the behav- 
ioural pattems of courtship, mating and brood care as 
shown by the two species in the field, thus providing a 
basis for comparison. 


MATERIALS AND METHODS 


STUDY AREA 


Both species were studied at the Panguana biologi- 
cal station located on the lower Rio Llullapichis 
(approx. 9°35' S, 74°48’ W) in lowland Amazonian 
Peru. The site is situated in a primary rain forest at an 
elevation of 260 m. The wet season ran from Septem- 
ber/October to March/April. Annual precipitation 
ranged from 2000 to 2600 mm, and the mean annual 
temperature was 25°C. 


STUDY SUBJECTS 


Epipedobates femoralis (Boulenger, 1883) and 
Epipedobates trivittatus [Spix, 1824; taxonomy of 
both species following Myers (1987)] are diumal in- 
habitants of the forest leaf litter. Calling activity of the 
frogs began about August/September (i.e. before the 
onset of the wet season) and ended about February/ 
March. Males of both species have two types of calls: 
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an advertisement call for long-range communication 
(Schliiter, 1980; Hédl, 1983) and a courtship call of a 
lower sound intensity for short-range communication 
(Weygoldt, 1980a; Roithmair, 1994). There is no sig- 
nificant difference in the sound pressure levels of calls 
of conspecific males in either species (Hédl, 1983; 
Roithmair, 1994). During these studies, EF. trivittatus 
males mostly called in the mornings between 04.40 
and 09.00 hr, and E. femoralis males called the most in 
the afternoons between 14.00 and 18.00 hr. In both 
species females are slightly larger than males. In E. 
femoralis, the snout-vent length (SVL) of adult males 
averaged 26.8 mm (n= 55); average SVL of females 
measured 27.5 mm (# = 33). The skin of E. femoralis is 
non-toxic (Daly, Myers & Whittaker, 1987). 
Epipedobates femoralis is a feeding generalist, taking 
as prey mainly ants and termites in proportions not sig- 
nificantly different from those in the leaf litter (Toft, 
1980). In E. femoralis, activity ceased completely dur- 
ing the dry season and adult frogs could neither be seen 
nor heard. In E. trivittatus, average SVL of adult males 
measured 39.3 mm (n = 27); SVL of adult females 
measured 43.6 mm ( = 65). The skin of E. trivittatus 
is toxic (Daly et al., 1987). This frog is considered to 
be a feeding specialist actively searching for prey, 
mostly ants (Toft, 1980). Epipedobates trivittatus 
could be seen throughout the entire year, however, only 
very few frogs could be heard in the dry season; one un- 
marked male was found carring tadpoles in July. None 
of the frogs in the study group showed reproductive 
activity during the dry season. 


FIELD METHODS 


Observations were made on both species for the du- 
ration of two reproductive periods. Epipedobates 
femoralis was studied from August 1985 to February 
1987, and E. trivittatus from October 1988 to January 
1990. 

Two study areas were marked off in separate and 
undisturbed forest patches: one was 625-720 m? (£. 
femoralis), and the other about 3300 m? (E. 
trivittatus). | visited the study area mornings and after- 
noons for a total of 300 observation days for the E. 
femoralis study, and for a total of 407 observation days 
for the E. trivittatus study. The surface structures of the 
two different study sites did not change in the two years 
of the respective study. All frogs captured in the study 
area were measured to the nearest 0.1 mm (snout-vent 
length). A detailed sketch of the dorsal and lateral pat- 
tem of each frog was made to enable individual 
recognition without handling. In E. trivittatus, toe- 
clipping was not necessary for marking since the 
highly variable dorsal pattem (see Silverstone, 1976) 
permitted reliable individual recognition up to three 
meters distance without handling. In E. femoralis, all 
adult frogs were toe-clipped to ensure identification 
since the individual pattern (i.e. dorsolateral stripes) 
was not as easily distinguishable as in E£. trivittatus. 


Toe-clipping did not appear to impede the frogs’ nor- 
mal behaviour and toe regeneration was never 
detected. In both species frogs were sexed by the pres- 
ence of two vocal slits (longitudinal folds) on the throat 
of males. Frogs smaller than 24.5 mm (in E. femoralis) 
or smaller than 33.0 mm (in E. ¢rivittatus) and lacking 
vocal slits could not be sexed externally and were re- 
garded as juveniles. My usual procedure was to locate 
all calling males within the study area during the first 
hour of observation. Then I slowly moved through the 
area or Sat quietly in one spot and observed interactions 
between individuals. Locations of all individuals were 
marked with small, numbered plastic tags attached to 
the vegetation and recorded on a map. For methods of 
estimating territory size and maps of territories see my 
previous papers (Roithmair, 1992, 1994). 


DATA ANALYSES 


The data were analyzed with product-moment cor- 
relation using the STATS 2.1 software program. The 
distribution of the data was checked for normality by 
applying the Kolmogoroff-Smirnov test using the 
STATGRAPHICS 2.0 software program. The 10% 
level was used to determine difference from normality; 
x and SD are given for normally distributed samples, 
otherwise median and interquartile ranges (igr) are 
used. 


RESULTS 
BRIEF DESCRIPTION OF SOCIAL BEHAVIOUR 


In E. femoralis, 81 adult frogs (55 males, 26 fe- 
males) were marked. In E. trivittatus, 92 adult frogs 
(27 males, 65 females) were recorded in total. Males of 
both species established territories using the advertise- 
ment call as a cue for spacing and marking their 
territories. Females, juveniles and non-calling males 
were not territorial and could enter a territory and 
move around freely without evoking aggression. In 
both species, territory sites could be occupied by differ- 
ent males in succession. Size and shape of the 
territories varied for each resident. A total of 44 E. 
femoralis males were regarded as territorial. They es- 
tablished 18 territories during the first wet season and 
16 territories during the second wet season. In E. 
trivittatus, 20 territorial males established 14 territo- 
ries during the first wet season and seven during the 
second wet season. 

In E. femoralis, territory sizes ranged from 0.25 to 
26 m?, and in E. trivittatus, territory sizes varied be- 
tween 4 and 156 m’. In both species territory size was 
positively correlated with the number of days with call- 
ing activity of the owner and length of residence. 
Successful males (i.e. males mating at least once) 
maintained significantly larger territories and called 
on more days thanunsuccessful males (i.e. no mating). 
SVL of males did not influence mating success (for de- 
tails see Roithmair 1992, 1994). 
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REPRODUCTIVE BEHAVIOUR 


Courtship. In E. femoralis, | observed six complete 
courtships and one only partially, and in £. trivittatus | 
observed 17 courtships leading to oviposition. In both 
species, pair formation, courtship, and mating always 


took place within the territories of the males. Females . 


entered the territories and approached calling males. | 
observed a few females of E£. trivittatus nudging the 
male to initiate courtship. Vocally inactive males were 
ignored by conspecific females in both species. As soon 
as a male detected the presence of a female he started to 
lead her to an oviposition site. In most cases, the nest 


site was hidden under dead leaves on the forest floor or, 
occasionally in E£. ¢rivittatus, in fallen palm-leaf 
sheaths (Table 1). In neither species was the length of 
the courtship march influenced by the size of the resi- 
dent’s territory (product-moment correlation: r = 
-0.58, t= 1.43, NS in E. femoralis; r = - 0.19, t= 0.76, 
NS in E. trivittatus). 

Males of both species were not able to distinguish 
between a non-calling conspecific male or female. In 
either case the territorial males commenced courtship 
by emitting courtship calls and their subsequent activ- 
ity was determined by the behavioural response of the 
other frog. Males never rejected a female. In unsuc- 


FIG.1. Courtship behaviour of Epipedobates femoralis (A) and Epipedobates trivittatus (B) in the field. The males led the 
females to oviposition sites within their territories. A: Arrows = start of courtship march; dots = males; small circles = females; 
large circles = symbol of nest sites. B: In the case of multiple matings of the resident only the male is drawn, symbols of courtship 
marches are different. Full squares = first courtship march; full circles = second one; open circles = third one. Large arrow = start 
of courtship march; full squares = males; open squares = females; points of small arrow(s) indicate location of nest sites. 
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cessful courtships (i.e. courtships not leading to mat- 
ing) females either did not follow at all (but orientated 
themselves towards the courting male), or stopped fol- 
lowing the courting male, or refused the male-chosen 
nest site. After a female had rejected a resident she left 
the territory. If a courtship sequence was disturbed by 
me the pair hid under leaves starting again with court- 
ship after a few minutes. In E. femoralis 89 
unsuccessful courtships were observed (59 in the first 
season and 30 in the second). When faced with unwill- 
ing partners, males of EF. femoralis immediately 
switched from courtship calls to normal advertisement 
calls and ceased attempting to lead females to a nest 
site. The average duration of these unsuccessful court- 
ships was 20 min (range: 4 - 47 min, SD = 10.58; n= 
25). In E. trivittatus, nine out of a total of 48 unsuc- 
cessful courtships (= 19 %) were due to the female 
refusing the nest site. The females (7 = 8; one female 
refused the nest sites of two males) followed the male 
to the nest site, entered the nest and left it almost im- 
mediately. Duration of these mating attempts ranged 
from 23 - 96 min (x = 61.33, SD = 25.75; n = 9). Ex- 
cept for one case where the male-chosen palm-leaf 
sheath was full of water, the refused nest sites seemed 
(to the observer) as suitable for egg development as the 
sites accepted by females. On two occasions, the male 
tried without success to clasp the female leaving the 
nest. 

In E. femoralis, females stayed at least two days be- 
fore mating in the male’s territory where they were 
courted daily by the residents. During this premating 
presence, however, the female followed the courting 
male only over a short distance and disappeared under 
leaves within the territory. Epipedobates femoralis fe- 
males, who signaled their interest in mating by 
constant phonotactic approach, were led by the male in 
a roundabout trip throughout the territory. The males 
hopped along the boundaries of their territories, but 
never left them. Regularly they gave courtship calls. 
The females followed quickly behind, sometimes hop- 
ping to the same spot, which the male occupied a few 
minutes before. The distance between the two mates 
never exceeded 50 cm, and averaged 20-40 cm (Fig. 
1A). If a female lost sight of her mate, she was unable 
to locate him without the help of advertisement calls. 
Towards the end of the courtship march the male 
started to crawl under leaves and into rolled leaves. 
The entire courtship lasted from 95 to 225 min, begin- 
ning with the first reaction of the male (i.e. turning 
towards the female, emitting courtship calls) and end- 
ing when both partners entered the nest and the male 
stopped calling (Table 1). 

In E. trivittatus, only two of 17 paired females 
stayed one or two days in the territory prior to mating. 
Fifteen females were never seen in their mating terri- 
tory before courtship and mating. Epipedobates 
trivittatus courtships never lasted longer than 68 min, 
the shortest was 12 min (Table 1). The males led the 


E. femoralis E. trivittatus 


No. matings 7 17 


Premating presence 2.4(2-4)days 0*(0-2)days 
of female in 


male territory 


Courtship duration 157.2(95-225) 32.7(12-68) 
(min) 

Stay in nest male 13(7-18) 79(29-187) 
(min) female 37.8(18-60) 133.5*(43-1440*) 


Total duration 
of courtship 
and mating(min) 


170.2(111-232) —113.1(58-209) 


old leaves:n=14 
palm-leaf sheath 
n=3 


Nest site old leaves 


TABLE 1. Description of courtship and mating behaviour of 
Epipedobates femoralis and Epipedobates trivittatus. Mean 
or median (+) values and ranges (in parentheses) are given. 
Courtship start = the first reaction of male to female and vice 
versa; courtship end = male and female stay in the nest and 
male stops calling; mating end = male leaves the nest. *= the 
overnight stay of females in the nest is estimated at 1440 
min (=24hr) 


females in a roughly straight line to an oviposition site 
(Fig. 1B). Courtship calls were not given regularly. In 
one case they were entirely absent and in two cases 
given only once. Females of E. trivittatus were able to 
locate mates by courtship calls. Epipedobates 
trivittatus males did not demonstrate nest-searching 
behaviour, such as looking under leaves or crawling 
inside palm-leaf sheaths. During one courtship, a male 
was interrupted twice in his attempts to lead a female 
to an oviposition site. Finally, on the third attempt he 
led her to a nest site which was nearly at the same dis- 
tance and in the same direction as the former trials. 
Mating. Matings occurred in the early morning start- 
ing between 06.05 and 06.35 hours in £. femoralis and 
between 04.57 and 06.30 hours in E. ¢rivittatus. In 
both species more than 60% of all recorded matings oc- 
curred in November and December. 

In E. femoralis, seven matings were recorded. No 
male or female was observed to mate twice. In E. 
trivittatus 17 matings were performed by 11 males: 
eight males mated once, two males mated twice. One 
male defended a territory in both rainy seasons and 
mated three times in the first season and twice in the 
second. The clutches were always laid in different nest 
sites (Fig. 1B). No E. trivittatus females were observed 
to mate more than once. In both species, the males en- 
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tered the nest site first and the females always left after 
the males. 

Epipedobates femoralis males continued to give 
courtship calls; when both partners were in the nest 


and in the proper position the males ceased calling. — 


The male sat behind the female without body contact 
(number of observations = 4). I could not determine the 
exact moment of fertilization, but I presume it took 
place almost simultaneously with egg deposition, since 
males left the clutch two to four minutes after egg 
deposition staying in the nest for seven to 18 min. The 
average number of eggs laid was 26. Afterwards, the 
females slowly tumed around one or two times, than 
sat motionless on the clutch and finally left after ap- 
proximately 40 min (Table 1). 

In E. trivittatus cephalic amplexus was performed. 
Fertilization occurred after egg deposition. Acciden- 
tally, I disturbed a pair during mating. Both frogs left 
the nest, and since the laid eggs neither changed their 
colour nor developed, I assume, they were not ferti- 
lized. The average number of eggs per clutch was 40. 
The pairs stayed much longer in the nests than E. 
femoralis: the males remained up to three hours in the 
nests and 30% of the females stayed with their clutches 
the whole day and the following morning, thus very 
probably stayed ovemight (Table 1). 

In neither of the two species were correlations found 
between clutch size and (a) female body size (product- 
moment correlation: r = 0.26, ¢ = 0.61, NS in E. 
femoralis; r= 0.58, t= 1.01, NS in E. trivittatus) or (b) 
male body size (product-moment correlation: r = 0.48, 
t= 1.23, NS in E. femoralis; r= 0.03, t= 0.13, NS in E. 
trivittatus or (c) size of male territory (product-mo- 
ment correlation r = -0.18, ¢ = 0.40, NS in E. 
femoralis; r = -0.05, t= 0.19, NS in E. trivittatus). 
Brood Care. In both species, brood care was performed 
by males only. After mating, females left the territories 
and neither visited their clutches nor carried tadpoles. 

Males of E. femoralis were never found within their 
nests attending their clutches. They either retumed 
only to transport their offspring or for very short visits 
unnoticed by the observer (see also Weygoldt, 1980a). 
Males continued to call during embryonic develop- 
ment, except for the first two days after mating (Table 
2). They did not use calling sites next to their clutches. 
Males of E. trivittatus attended their clutches three to 
nine times during embryonic development (Table 2). I 
did not observe them moistening or cleaning their 
clutches; they just sat quietly beside the clutches, 
touching them with one side of the body. One E. 
trivittatus male had two clutches at the same time in 
his territory for two days, until one clutch was de- 
stroyed by fungus. After mating, males stopped calling 
for 1 - 22 days (median = 4, igr = 5, n= 17). Through- 
out the period of embryonic development, six males 
continued to call and three males ceased calling en- 
tirely. Males never called while in the nest. No 
correlation was found between the number of surviving 


E. femoralis E .trivittatus 


No. clutches 7 17 
Eggs/clutch 26.3(24-30) 39.7(26-51) 
Tadpoles/clutch 13.86(0-23) 17.71(0-41) 
Tadpoles transported 19.4(16-23) 33.4(22-41) 


Behaviour of | Days calling 8.4(5-10) 3*(1-11) 
the resident | Dayscourting 0*(0-2) 0*(0-2) 


(=father) other females 

until tadpole | Days attending 0 5.78(3-9) 
transport the clutch 

Transport of 14.2 17.9 


clutches on x" 
day after mating 


(12-16; n=5) (15-18; n=9) 


Destruction of Ist,2nd 3.6 
clutches on x"* (n=2) (2-7; n=8) 
day after mating 


TABLE 2. Description of clutches and brood-care behaviour 
of Epidedobates femoralis and Epipedobates trivittatus. 
Mean or median (+) values and ranges (in parentheses) are 
given. *calculated from data of successful development 
only:=number of tadpoles moving in the clutch, counted one 
day before transport. 


larvae and number of patemal visits to the clutch in E. 
trivittatus (product-moment correlation: r = - 0.19, f= 
0.51, NS). 

In E. femoralis, development until larval uptake 
lasted 12 to 16 days, averaging 14 days. In E. 
trivittatus, eggs developed into larvae in 15 to 22 days, 
averaging 18 days. Two of seven E. femoralis clutches 
and eight of 17 clutches of E. trivittatus were destroyed 
by fungus, fly larvae or heavy rainfalls within one to 
seven days (Table 2). 

I never was able to observe individually marked 
males taking up tadpoles nor did I capture marked 
males while carrying tadpoles. Outside the study area, 
all frogs captured with tadpoles on their back were 
males (” = 9 in E. femoralis; n = 11 in E. trivittatus). 
Usually, after rainfall the clutches were missing in the 
study area. No water sites were recorded inside of male 
territories. Epipedobates femoralis males required no 
more than half a day to transport their offspring to wa- 
ter sites, since they were found calling in the moming 
and the afternoon of the day of transport. Epipedobates 
trivittatus males stopped calling for at least one day 
and up to 40 days after clutch transport. However, one 
male transported 24 tadpoles on one day and retumed 
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to carry the remaining eight tadpoles of the same 
clutch on the following day. 

Except for this one case in E. trivittatus, tadpoles of 
one clutch were transported all at once. In E. 
femoralis, the average number of tadpoles transported 
by individually known males was 19 (range = 16 - 23, 
SD = 2.42, n=5); in E. trivittatus the number of tad- 
poles (carried at once) averaged 33 (range = 22 - 41, 
SD = 5.31, n = 8; calculated from the number of tad- 
poles moving before the clutch was transported). When 
the transport of the last clutch was completed or if the 
clutch was destroyed, residents either deserted their 
territories immediately (7 = 1 in E. femoralis; n= 3 in 
E. trivittatus) or maintained residency calling for up to 
24 days (n = 6 in E. femoralis; n= 9 in E. trivittatus). 


DISCUSSION 


The basic patterns of courtship are similar in both 
dart-poison frog species studied: males tried to attract 
females by advertisement calling, the females ap- 
proached residents and were courted by the males who 
attempted to lead the females to oviposition sites. 
While advertisement calls are directed towards all fe- 
males as a signal of male sexual activity (besides the 
function of a signal to competitors of male readiness to 
defend a specific territory), courtship calls rather are 
signals to an individual female in the vicinity. Males of 
E. femoralis or E. trivittatus were not immediately able 
to distinguish the sex of a silent conspecific, or differ- 
entiate a non-receptive or unwilling female from a 
female ready to mate. After courting for a short time, 
however, males were able to decide if it paid continu- 
ing with courtship or stopping it. Thus, courtship 
behavioural patterns of females appear to provide 
males with sufficient valuable information about fe- 
male physiological conditions. 

Epipedobates femoralis courtships lasted, on aver- 
age, nearly five times longer than those of E. 
trivittatus. However, if the duration of courtship and 
time spent in the nest by both partners were added, 
then courtship lasted only one and half times longer in 
E. femoralis (Table 1). In E. trivittatus, females enter- 
ing a male-chosen nest site sometimes decided not to 
mate at all and left the nest immediately. Presumably, 
females ovulated in the nest during cephalic amplexus 
considering the prolonged stay of both partners in the 
nest. Perhaps the tactile stimulus is necessary for ovu- 
lation. I suppose that female E. femoralis needed the 
time of courtship to reach the proper physiological 
condition. To deposit a clutch and to fertilize it, the 
mating pair required only a few minutes in the nest 
(Table 1). The courtship calls regularly given by E. 
femoralis males may serve as acoustic stimuli to fe- 
males, since the calls did not provide cues for 
orientation. Since females E. femoralis never refused a 
nest site, a male followed continously and without 
hesitation by a female could be “confident” that this 
female would mate with him and be ready for oviposi- 


tion. Thus, the long courtship duration in E. femoralis 
is suggested to serve as well to assure the male of the 
female’s willingness and readiness to mate. Further- 
more, £. femoralis males spent additional time 
searching for a nest site during courtship. The absence 
of this searching behaviour in E. ¢trivittatus and the 
observation that one E. trivittatus male repeatedly led a 
female to the same spot in the same direction, suggest 
that males have chosen a nest site previous to the start 
of a single courtship trip. 

Although females of both species were observed to 
sample males and males mating successfully defended 
larger territories and called on more days than unsuc- 
cessful males (Roithmair, 1992, 1994), the time of the 
female’s decision with which male to mate was differ- 
ent in the two species. E. femoralis females “had made 
up their minds” when engaging in the final prolonged 
courtship in the morning, whereas E. trivittatus fe- 
males were able to delay their decision until the last 
possible moment, i.e. before performing cephalic am- 
plexus. I suppose neither the duration nor the 
performance of courtship (e.g. number of courtship 
calls, shape of trip through the territory) were decisive 
factors in the female mate choice in either species. Al- 
though it seems possible that E. trivittatus females 
could use nest site quality to choose mates, one would 
expect a higher percentage of unsuccesssful courtships 
due to nest site refusal (see also Roithmair, 1992, 
1994). 

In dendrobatid species where both sexes defend ter- 
ritories, courtship may serve to overcome the 
aggressive tendencies of the partner (Dole & Durant, 
1974; Wells, 1980a, 5). In the two species studied here, 
however, any non-calling frog could enter a territory 
without evoking aggression. In Dendrobates auratus 
and D. leucomelas, active courtship of males by fe- 
males may be performed in order to prevent males from 
multiple mating, which infers costs to the female in 
terms of reduced offspring survival (Summers, 1989, 
1990, 1992). Although E. trivittatus males mated 
polygynously, no male attended two clutches or carried 
tadpoles of two clutches simultaneously to the same 
water site. Courtship initiation by some E. trivittatus 
females was rather to draw the male’s attention to the 
female’s presence and females never remained in their 
mates’ territory after mating. Intra-female aggression 
was observed only once (Roithmair, in press). 

Brood care behaviour in anurans may increase their 
reproductive success (e.g. McDiarmid, 1978; Town- 
send, Stewart & Pough, 1984) and may involve defence 
against other frogs and egg predators, provision of skin 
secretions to inhibit fungal growth, and provision of 
moisture to prevent desiccation (Salthe & Mecham, 
1974; Wells, 1981). In E. trivittatus, paternal care did 
not involve special behavioural patterns such as clean- 
ing or watering the eggs and defence of clutches 
against egg predators never was observed. Although 
cannibalism never was observed and causes of clutch 
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destruction were always explicable, males never called 
in or near their nests, as if to avoid attraction of preda- 
tors to the nest site. The most essential contribution to 
the survival of the offspring in dendrobatids is to trans- 
port the larvae to a water site, requiring the presence of 
at least one parent to perform it. The behaviour of stay- 
ing with or repeatedly returning to the clutch, as 
demonstrated by E. trivittatus, may be regarded as the 
easiest way to ensure that the parent can relocate the 
nest site (Weygoldt, 1987). Consequently, E. 
femoralis’ behaviour of retuming to the clutch only for 
larval transport, would be a derived behavioural pat- 
tern of brood care that requires site memory. 

In both species studied here, only males carried tad- 
poles (see also Aichinger, 1991). Since females always 
left the nest after males, they would be pre-disposed to 
care for the offspring, i.e. to engage in egg attendance 
and larval transport (Dawkins & Carlisle, 1976). Pre- 
sumably, the possibility of the male to desert first is 
outweighed by the association with the offspring by the 
territorial sex (i.e. the male) and the combination of 
territoriality and extemal fertilization, enabling assur- 
ance of patemity (Trivers, 1972; Ridley, 1978; Gross 
& Shine, 1981). In addition, remains the simple ques- 
tion, of whether a female would be able to find her 
clutch again. Although females may have information 
about the extensions of various territories (Roithmair, 
1992, 1994), the degree of their familiarity with their 
mate’s territory remains unknown and presumably is 
less than that of the resident male. 

A summary of the behavioural patterns of 
Epipedobates femoralis and Epipedobates trivittatus 
demonstrated in courtship, mating, and brood care (for 
detailed explanation see results), are shown in Tables 
3-5. 


E. femoralis E. trivittatus 
Unsuccessful courtships 


no nest-site 19% due to nest- 
refusal site refusal 


Successful courtships 


females in territory at rare premating presence 


least 2 days before mating 


a roughly straight line 
to nest site 


males lead females 
around territory 


never longer than 
68min (¥ = 32min) 


never shorter than 
95min (¥ = 157min) 


courtship calls not 
obligatory 


regular courtship calls 


nest-site chosen 
previously? 


nest-site searched 
towards end of courtship 


TABLE 3. Summary of courtship behaviour. 


E. femoralis E. trivittatus 


males (m = 7) stayed 
in nests 13min (= x) 


males (m = 11) stayed 
in nests 79min (= x) 


fertilization after egg 
deposition 


simultaneous fertilization 
and egg deposition 


70% females left nests 
after 110min (=x) and 
30% stayed overnight 


females left nests after 
38min (= x) 

females always left nests after males 

x number of eggs:26 


¥ number of eggs:40 


no correlation between male or 
female body size and clutch size 


27% males mated more 
than once 


no males mated twice 


females never mated twice 


TABLE 4. Summary of nesting and mating. 


E. femoralis E. trivittatus 


males did not attend males attended clutches 


clutches 


no correlation between 

clutch attendance (= no. 

of visits) and hatching 
success 


no correlation between 
territory (= clutch) defence 
and hatching success 


53% hatching success 
(= eggs laid/transported 
tadpoles) 


45% hatching success 


tadpoles were carried to water by males 


females neither visited their clutches 
nor carried tadpoles 


TABLE 5. Summary of brood care. 
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